Purpose: To test the validity and reliability of a newly developed Implant Restoration Esthetic Index (IREI) and to compare esthetic outcomes reported by patients and professionals. Materials and Methods: Ten graduate students and 10 prosthodontists assessed esthetic outcomes of 27 single-tooth implants with the IREI. Six peri-implant soft tissue parameters were measured using visual analog scales: mesial papilla presence, distal papilla presence, gingival trigone, soft tissue curvature, alveolar process deficiency, and soft tissue color and texture, as well as the six crown parameters: crown contour, crown position, crown labial convexity, crown characterization, crown color and translucency, and abutment visibility. The validity was tested based on Pearson's correlation. The internal consistency reliability was analyzed by Cronbach's alpha. Interclass correlation coefficients (ICC) were calculated to express the test-retest reliability and the inter-rater reliability. The correlations between patient and professional evaluations were analyzed by Pearson's correlation. Results: The IREI demonstrated significant correlation (p < 0.05) to the pink esthetic score and white esthetic score (PES/WES). The internal consistency reliability showed a Cronbach's Alpha of 0.830. The test-retest reliability was excellent in both the graduate student group and the prosthodontist group, with ICCs of 0.961 and 0.952, respectively (p < 0.05). The inter-rater reliability was acceptable, with ICCs of 0.649 and 0.667, respectively (p < 0.05). Low correlation coefficients were found between patient and professional evaluations.
Dental implantology has advanced significantly since the establishment of osseointegration. High survival rates of implants have been reported in numerous studies. [1] [2] [3] People are concerned about the esthetics as well as function of dental implants. This has become a focus of interest especially for implants located in the anterior maxillae, which have high survival and success rates. [4] [5] [6] A successful implant restoration with optimal esthetics is a combination of a visually pleasing prosthesis and healthy, harmoniously scalloped peri-implant soft tissues. 1 Esthetics is subjective, and when it comes to esthetic assessment of implant restorations, patients' opinions should be taken seriously; however, patient-reported assessment alone has not been enough to make a suitable judgment or locate the factors leading to impaired esthetics. 7, 8 Therefore, professional examination of the outcome using an objective esthetic index is needed.
Jemt 9 established the Papilla Index to evaluate the level of the papillae. Another index focused on papilla level was introduced by Nordland and Tarnow. 10 Evans and Chen 11 proposed the Subjective Aesthetic Score to evaluate the changes of gingival margin levels. The critical elements discussed by these indices have had a great influence on esthetic outcome evaluations 12, 13 and should be taken seriously when assessing the overall esthetics of implant restorations.
Fürhauser et al 14 presented the pink esthetic score (PES) for evaluation of soft tissue esthetics. The PES is based on seven parameters: presence of a mesial papilla, presence of a distal papilla, curvature of buccal tissues, level of the buccal mucosa, Figure 1 Parameters of the Implant Restoration Esthetic Index (IREI). 1, mesial papilla presence; 2, distal papilla presence; 3, gingival trigone; 4, soft tissue curvature; 5, alveolar process deficiency; 6, soft tissue color and texture; 7, crown contour; 8, crown position; 9, crown labial convexity; 10, crown characterization; 11, crown color and translucency; 12, abutment visibility.
buccal convexity, color, and texture. Values of each parameter are assigned a number 0 (disapproved), 1, or 2 (approved) with respect to a control. This index considers almost all the key points relating to soft tissue esthetics.
Efforts have been made to develop an index to evaluate implant-supported restorations and peri-implant soft tissues at the same time. For example, the Implant Crown Aesthetic Index (ICAI), the Pink and White Esthetic Score (PES/WES), the Complex Esthetic Index (CEI), the Copenhagen Index Score, and the Peri-Implant and Crown Index. 7, [15] [16] [17] [18] Despite those attempts, a universally accepted, well-constructed index containing all of the vital elements of implant restoration esthetics has so far not been available. 19 The aim of this study was to develop and validate a new index for professional overall esthetic evaluation of implant restorations and compare it with another widely used index, the PES/WES. The hypothesis was that the index would have sufficient validity as well as test-retest, inter-rater, and internal agreement reliability to be a clinically useful index.
Materials and methods

Esthetic indices
A new index termed the "Implant Restoration Esthetic Index (IREI)" was introduced in this study, and was compared with the PES/WES. The IREI was created to evaluate the pink and white esthetics of single implant restorations in a comprehensive and sensitive fashion. The IREI included two components: the pink index and the white index. Within each category, specific parameters were evaluated and graded by means of visual analog scales (VAS). The scales measured 100 mm in length, with a maximum score of 100. The author measured the participant's mark to provide a score. The pink index was composed of six parameters: mesial papilla presence, distal papilla presence, gingival trigone, soft tissue curvature, alveolar process deficiency, and soft tissue color and texture (Fig 1) .
Mesial and distal papillae were assessed according to the filling level of papillae in the interproximal spaces. The far left of the VAS indicated no papillae filling, whereas the far right indicated a complete filling. All other parameters were assessed by comparison with the contralateral and adjacent teeth. For gingival trigone, the far right of the scale indicated an identical gingival trigone level compared to the contralateral tooth, and the far left indicated a major discrepancy of 2 mm or more. For soft tissue curvature, the right end meant harmony and the left end meant complete disharmony. For soft tissue color and texture, the right end meant harmony and the left end meant complete disharmony. Alveolar process deficiency was assessed according to the deficiency of the buccal bone. The far right of the VAS represented no deficiency and the far left represented obvious deficiency. The white index was also composed of six parameters: crown contour, crown position, crown labial convexity, crown characterization, crown color and translucency, and abutment visibility (Fig 1) .
Crown contour was assessed in relation to the dimension of the crown, incisal edge position and contact areas, according to the adjacent teeth and the contralateral tooth. Crown position was assessed in relation to the 3D space of the crown in the arch, the mesial-distal, buccal-lingual position, tooth axis, and rotation of the crown. Crown labial convexity was assessed according to the adjacent teeth. Crown characterization was assessed in relation to surface roughness, ridges, and pits. Crown color and translucency were assessed according to hue, value, chroma, and translucency. For these parameters, the far right of VAS stated excellent symmetry and harmony, whereas the far left stated complete disharmony. Abutment visibility was assessed according to visibility of the abutment through the gingival trigone. The far left of VAS stated an obviously exposed abutment, whereas the far right was consistent with a concealed abutment.
The PES/WES was proposed to evaluate the pink and white esthetics of single-implant reconstructions at the same time. 16 The PES/WES comprised five pink and five white parameters. Each parameter was assessed with a 2-1-0 score, with 2 being the best, and 0 being the poorest score.
According to the original paper, for the PES/WES, the threshold of clinical acceptance was a score of 6 for both PES and WES. For the IREI, an arbitrary score of 400 was determined as the threshold for both the pink and white indices: any score superior to this value was clinically acceptable. Only the results with acceptable scores for both pink and white scores were defined as clinically acceptable overall esthetics. At the time of crown insertion, each patient received a questionnaire based on the VAS for esthetic evaluation of the crown, mucosa, and overall appearance that was subsequently compared with the esthetic scores of the IREI.
Patients
Twenty-five patients (10 females, 15 males) with 27 singletooth implant restorations in the anterior maxillae (canine to canine) were included. The exclusion criteria were: patients with (1) implant-supported fixed dental prostheses (FDPs); (2) single-implant restorations with cantilevered pontics; and (3) lack of adjacent or contralateral teeth. The 25 patients included were registered for implant treatment at the Department of Implantology, Guanghua School of Stomatology, Sun Yat-Sen University, and were between 17 and 62 years old (mean age 37.36 ± 14.54 years). The distribution of implants placed and followed in this study are presented in Table 1 . The Astra Tech implant system (Astra Tech, Molndal, Sweden) was used for one of the implants; Nobel Biocare implant system (Nobel Biocare, Goteborg, Sweden) was used for 26 implants and all abutments. Photographs were collected at the time of crown insertion from June 2014 to June 2016. For statistical analysis, both poor and esthetically satisfactory restorations were included in the assessment.
Data gathering
The protocol for this study was approved by the ethical review committee of Sun Yat-Sen University (ERC-2014-22). For each of the implant restorations, at least one intraoral facial and one intraoral occusal photograph was taken. Photographs included the crown restoration for evaluation, the surrounding mucosa, the two neighboring teeth, and the contralateral tooth. After calibration, the slides of 27 implant restoration photographs were anonymously and randomly ordered. The slides were sent to examiners with instruction sheets and data sheets for each index. Assessments of the patients' photographs were carried out independently by 10 graduate students and 10 prosthodontists using both the IREI and the PES/WES. The examiners repeated the same assessments 2 weeks later, with the order of the photographs reversed to reduce bias from the first assessment. The authors did not participate as examiners.
Validity
To investigate the extent to which the chosen parameters could represent all aspects of the IREI, a correlation matrix was created based on Pearson's correlation. If the correlation between any two parameters was large (above 0.5), overlap was evident. Correlations between the individual parameters and the total scores were also presented. To test how closely the IREI was related to other indices of the same construct, the parameters in the IREI were correlated to the identical parameters in the PES/WES, and the total scores of the IREI were correlated to those of the PES/WES. A Pearson's correlation above 0.8 was considered acceptable.
Reliability: Internal consistency reliability
Internal consistency reliability was tested using Cronbach's alpha to indicate how well the parameters in the IREI were interrelated. A Cronbach's alpha of 0.7 was considered acceptable, and 0.8 or above was considered good.
Reliability: Test-retest reliability
Test-retest reliability was performed to judge the intra-rater reliability of the IREI and PES/WES. It was tested by having the examiners re-evaluate the photographs of 27 implant restorations at an interval of 2 weeks. The interclass correlation coefficient (ICC) was used to test whether retest scores were correlated to test scores. An ICC of 0.5 was considered acceptable, between 0.7 and 0.9 was considered large, and above 0.9 was considered excellent.
Reliability: Inter-rater reliability
Inter-rater reliability was performed to evaluate the degree of agreement among raters. The raters were divided into two groups, the graduate student group and the prosthodontist group. Inter-rater reliability of the IREI and PES/WES was tested using ICC in the two groups, respectively.
Patient-and professional-reported esthetic outcomes
The patient-reported esthetic outcomes were collected from questionnaires; the professional-reported outcomes were reflected by the IREI scores given by the graduate students and the prosthodontists. Pearson's correlation was used to analyze the correlations between patient-reported outcomes, graduate student-reported outcomes, and prosthodontist-reported outcomes referring to the pink, white, and overall esthetics. A Pearson's correlation of 0.8 or above was considered good, and below 0.5 was considered low.
Statistical analyses
SPSS (v20.0, SPSS Inc., Chicago, IL) statistical software was used for data analysis. The statistical significance level was p < 0.05. To compare the two esthetic indices, the individual score scales were converted to percentage scales. Simple descriptive statistics were generated to characterize the mean scores of the IREI and PES/WES.
Results
The mean values and standard deviations for the IREI and PES/WES according to groups and assessments are presented in Table 2 . Compared with the PES/WES, the IREI revealed S = prosthodontists; G = graduate students; 1 = first assessment; 2 = second assessment higher esthetic ratings for the pink, white, and overall esthetic outcomes. The numbers of clinically acceptable cases in each group and assessments of the IREI and PES/WES are presented in Table 3 . Compared with the PES/WES, the IREI showed higher clinical acceptance in pink and white esthetics in the prosthodontist group in both assessments, but it showed lower clinical acceptance in overall esthetics in both groups and assessments. For both the IREI and PES/WES, the numbers of clinically acceptable cases in white esthetics were higher than those in pink esthetics.
Validity
The relevant parameters of the IREI were selected from the current literature on prosthetic esthetics and implant restoration esthetics. 14, 16, 20 The index was evaluated by experts to make sure the scope of the individual parameters could fulfil the aim of the investigation. The correlation matrix for the IREI is shown in Table 4 . Most of the parameters had a Pearson correlation coefficient over 0.7 (p < 0.05) with IREI score, except for the gingival trigone and visible abutment, which had correlation coefficients of 0.547 (p < 0.05) and 0.461 (p < 0.05). There was a significant correlation of R = 0.52 (p < 0.05) between the total scores of the IREI and PES/WES. The correlation of mesial papilla presence (R = 0.962), distal papilla presence (R = 0.958), gingival trigone (R = 0.921), soft tissue curvature (R = 0.921), and crown contour (R = 0.932) between the IREI and PES/WES were significant (P < 0.05). Thus, we concluded that the IREI had validity.
Internal consistency reliability
The internal consistency reliability test for IREI showed a Cronbach's alpha of 0.830, which demonstrated a high interrelation of the parameters.
Test-retest reliability
For the IREI, both the graduate student group and the prosthodontist group achieved excellent test-retest reliability with ICCs of 0.961 and 0.952, respectively (p < 0.05). The PES/WES also had an excellent test-retest reliability, and the ICC was 0.988 (p < 0.05) for the graduate student group and 0.983 (p < 0.05) for the prosthodontist group.
Inter-rater reliability
For the IREI, both the graduate student group and the prosthodontist group achieved acceptable inter-rater agreements. The ICC of the graduate student group was 0.649, and the prosthodontist group was 0.667. Compared with the IREI, the ICC of the PES/WES was relatively low, with 0.521 in the graduate student group and 0.541 in the prosthodontist group. The prosthodontist group had a relatively high ICC compared to the graduate student group.
Patient-and professional-reported esthetic outcomes
The patient-reported esthetic outcomes were higher than the professional-reported outcomes ( Table 2 ). The correlations between patient-and professional-reported esthetic outcomes are shown in Table 5 . When the graduate student-reported outcomes were correlated to the prosthodontist-reported outcomes, strong correlations were found in pink, white, and overall esthetics. When the graduate student-reported outcomes were correlated to the patient-reported outcomes, the correlation was low in pink esthetics, and no statistical significance was shown in white and overall esthetics. When the prosthodontist-reported outcomes were correlated to the patient-reported outcomes, no statistical significance was found.
Discussion
The importance of esthetics in implant dentistry has made esthetic outcome assessment an imperative part of clinical studies. An esthetic index can not only give insight into the esthetic outcome of a specific patient treatment, but can also help to record the outcomes as a function of time to analyze the stability of a treatment procedure. Furthermore, esthetic outcomes of different clinical conditions can be compared, facilitating relevance analysis of clinical indications and effects. 15 In addition, the index can serve as a checklist, helping to confirm the vital elements of an esthetic implant restoration to improve treatment. In *Correlation is significant (p < 0.05). G = graduate students; S = prosthodontists; P = patients this study, the IREI for esthetic evaluation of implant-supported restorations in the anterior region was developed and validated to meet the requirements of a universally accepted comprehensive index.
A successful implant esthetic index should be able to evaluate the esthetic outcomes as a combination of implant restorations and peri-implant soft tissues. Some esthetic indices consider a single variable, and result in partial judgments. [9] [10] [11] Some account for only soft tissue variables. 14 The IREI developed for this study consists of a peri-implant soft tissue index and an implant-supported restoration index. Within each category, six chosen parameters associated with esthetics are evaluated. Only restorations with satisfying scores in both peri-implant soft tissue and implant-supported restorations are regarded as esthetic patient treatments.
A retrospective study of the outcome evaluations of early placed maxillary anterior single-tooth implants using PES/WES reported higher mean values for pink esthetics than for white esthetics. 16 However, this study showed higher mean values for white esthetics in both the IREI and PES/WES. This result might be due to the quality control of the restorations, which means if the restoration is unacceptable, it will be sent for modification. For the IREI, the scores of the graduate student group were apparently lower in the second assessment, while the scores of prosthodontist group were almost the same. This indicated that the graduate students became more critical during the second assessment, while the prosthodontists had a relatively stable performance.
Compared with PES/WES, clinical acceptance of the IREI was not necessarily lower in pink and white esthetics, while in overall esthetics, it was lower in both groups and assessments. The explanation for this was the difference in the definitions of clinical acceptance. For the IREI, only the results with acceptable scores for both pink and white scores are clinically acceptable in overall esthetics, while for the PES/WES, a total score above 12 is clinically acceptable. In a study introducing the Peri-Implant and Crown Index, a total score of 360 was set as the threshold of clinical acceptance. 18 For these indices, a highly acceptable white score would compromise a low unacceptable pink score to establish a clinically acceptable result, or vice versa.
The results of this study indicated that the IREI proved to have satisfactory validity and reliability in both the graduate student group and the prosthodontist group. The IREI and the PES/WES both achieved excellent test-retest reliability, but the inter-rater reliability of the PES/WES was lower than that of the IREI. One possible reason was the limitation of the 2-1-0 numerical scale (NS) in the PES/WES, since any assessment between moderate and excellent would be scored 1 by some examiners and 2 by others, leading to a polarization between observers. The IREI was graded by VAS, which has been the most common pain scale and quality of life scale. 21, 22 In dentistry, the VAS is widely used to assess patient satisfaction, but has been rarely used by dental professionals. 18, 23, 24 Most implant esthetic indices have used a NS. The NS includes a certain number of numerical scores, and a specific description is given for each score. 25 For example, Meijer et al 15 assessed esthetics with a penalty scale with a 0-1-5 score, Belser et al 16 used a 2-1-0 score scale, and Hosseini and Gotfredsen 8 chose a 1-2-3-4 score scale. In this study, a strong correlation was observed between the VAS and the NS, and the VAS presented higher inter-rater reliability. The results agreed with the results of a study by Martins et al, 26 in which they correlated VAS and NS in auditory-perceptual evaluations, and pointed out that the VAS was more sensitive to small marking differences than the NS. The Likert scale is a form of NS, and it typically has five to seven response levels. 27 In a study with respect to how to determine patient satisfaction, Voutilainen et al 28 demonstrated that the VAS was less vulnerable to confounding factors and ceiling effect than a symmetric Likert scale. The ceiling effect is a measurement limitation that is observed when the majority of participants reach the maximum or near maximum score. 29 The authors believed that VAS was less limiting and more stable than a NS.
Mesial papilla presence and distal papilla presence were chosen as parameters of IREI because papillae presence is a key factor of implant esthetics. One of the first attempts to make an esthetic judgment was the Papilla Index, and it was still the most frequently reported index in the literature. 9, 19, 30 The assessment of papillae presence has been involved in different indices with respect to implant esthetics. 8, 14, 15, 18 The gingival trigone is a clear sign of peri-implant soft tissue recession. A sequential record of gingival trigone score can reflect the changes of the gingival margin level. This can help to locate the potential influential factors and to be proactive during treatment period. 31 Evans and Chen 11 measured the exact deviation values of gingival margin position and sorted the soft tissue esthetic outcomes into four classes; however, within their rating system, any slight deviation around cut-off points could lead to a change in classification. In this study, the VAS was used to avoid the possible influence of this phenomenon.
The soft tissue curvature was also included in the IREI. To deliver successful single-tooth implant therapy in the esthetic zone, one of the critical and challenging treatment objectives is achieving an ideal peri-implant soft tissue profile. 33 observed an ensuing ridge contour change with significant negative esthetic consequences. Strangely, this parameter was not adopted by several observers when assessing implant esthetics. 8, 15 The IREI involved this parameter to become more comprehensive.
Soft tissue color and texture have been widely used as esthetic variables by different observers. 8, 14 The authors combined soft tissue color and soft tissue texture as one parameter, since there was a strong correlation between these two aspects, and soft tissue color and texture change simultaneously when inflammation occurs.
When it comes to crown esthetics of implant restorations, observers tend to focus on characteristics such as crown contour, labial convexity, surface characterization and crown color and translucency; these are associated with conventional parameters of natural teeth restorations. 8, [15] [16] [17] [18] However, implant restorations have their own features in addition to these aspects.
Crown position was restricted not only to the edentulous space but also with regard to implant position. 34 A crown supported by an implant too occlusally or palatally placed may result in a significant cantilever and abrupt emergence profile. 35 A compromised crown position may result in a poor esthetic outcome, and more importantly, be likely to create a challenge for personal oral hygiene. 35, 36 Since implant restoration outcomes are greatly affected by crown position, it should be considered.
The position of abutment/restorative interface is determined referring to the resultant soft tissue position in design and manufacture of implant restoration. 37, 38 However, for tissue with a thin biotype or severe inflammation, the vertical tissue position around the restoration may be less predictable, and the soft tissue response may vary. 38 There is a significant risk of visible abutment/restorative interface. This generally results in poor esthetics when it occurs in the esthetic zone. In view of these facts, the authors concluded that assessment of abutment visibility is imperative.
Several studies have demonstrated that regarding esthetic assessment of implant restorations, patients and dental professionals often have different views. 8, 18, 23 This was confirmed by this study, when the graduate student-reported outcomes were correlated to the prosthodontist-reported outcomes, and high correlations were found in pink, white, and overall esthetic scores, but both groups reported poor or no correlation to patient-reported outcomes. Moreover, the esthetic scores reported by patients were significantly higher than those of the graduate students and the prosthodontists, suggesting that the graduate students and prosthodontists had similar esthetic views regarding implant restorations, and they were more critical than patients themselves.
Clinical photographs have been frequently used for assessment of esthetics. 39 In this study, evaluation of photographs avoided direct observation, and was more feasible for repeated evaluations; however, photographs with a facial view are sometimes inadequate for evaluation of parameters that require 3D observation. 19 Given this fact, a photograph with an occlusal view was used to fully reveal features such as alveolar process deficiency, crown labial convexity and crown position. Even though the photographs were presented in a standardized manner, photographic features sensitive to brightness, contrast and angles of view, such as color, texture, and surface characterization, were not easy to assess. Therefore, the reliability of photographic evaluation should be cautiously interpreted.
Conclusions
The results of this study indicated that 1. The IREI was valid and reliable and included sufficient parameters for professional esthetic evaluation of implant-supported single crowns and peri-implant soft tissues. 2. The professional-reported esthetic outcomes had poor or no significant correlation to patient-reported outcomes.
